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GENERAL INTRODUCTION

Papaverine occurs in the unripe seed capsules of the
opium poppy Papaver somniferum, L. in amounts ranging from 0,6
to 1% hy weight. Many methods are known to industry for its
isolation and purifications This alkaloid finds use in medicine
as one of a group of spasmolytic drugs with a paralyzing action
on the smooth muscles of the intestines and blood vessels,
However, in common with other pharmacologically useful alkaloids
derived from the opium poppy, the availability of natural papa-
verine is limited by the stringent international controls on |
the cultivation of this plant.

While several methéds have been developed for the syn=~
thesis of papaverine, up to this decade, it was doubtful if they
could compete economically with even the small yield extracted
from natural sources. German research carried out during the
last war, and brought to light in very recent B.I.0.S. reports,
now indicates that synthetic papaverine may compete with, and

even displace, the natural product.

It seems reasonably certain that any economically suc=
cessful synthesis of papaverine must employ vanillin as a prine
cipal reactant. Although vanillin could now be obtained in al-
most unlimited amounts and at reasonable cost from the waste
liquors of the sulfite pulping of softwoods, its production
has hitherto been limited by the lack of adequate commercial
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uses.

The present research had the object of exploring
still further the possibility of utilizing vanillin for the
synthesls of papaverine. Condensation of aminoacetal with
the desoxybenzoin prepared from methylated vanillin yielded
the expected Schiff base, but ring closure of the base gave
only a very low yleld of papaverine. The major product was
a hitherto unknown isomer of the desired compound. In similapr
fashion, ring closure of the hydrogenated Schiff base gave an

unknown isomer of dihydropapaverine.
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HISTORICAL INTRODUCTION

Discovery of Papaverine and
Proof of Structure

The discovery of papaverine was made in the year
1848 by G. Merck (1) who isolated it from the mother liquors
of the morphine containing extracts of poppiles. He analyzed
the substance, 1ts hydrochloride and platinichloride, and
assigned the presently accepted formula of Cg20H2104N to the
base (2). More refined methods of separatioﬁ of the alkalold
were soon evolveds Plugge (3), for example, precipitated
narcotine and papaverine by adding concentrated sodium acetate
to a solution of the mixed hydrochlorides of the opium alka-
loids. This mixed precipitate was re-dissolved in a large
volume of dllute hydrochloric acid and papaverine was precipi-
tated with potassium ferricyanide. Collection of the precipi-
tate and decomposition with caustic soda gave pure papaverine

in amounts up to 98% of that originally present in the poppy.

Papaverine was the first of the opium alkalolds whose
structure was completely lmown, principally owing to the efforts
of Goldschmiedt (4) over the period 1885 to 1898. He showed
the presence of a tertlary nitrogen atom by formation of the
methiodide, and that of four methoxyl groups per mole. Oxida=-
tion of the base with potassium permanganate under varying con-

ditions gave rise to the following compounds:
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MeO \l MeO COOH

MeO P MeO COOH
COCH

6,7-dimethoxy~ m~-hemipinic acid
isoquinoline«l-
carboxylic acid

I iL

COCH

MeO COOH l N COOH
MeO N// COOH
veratric acid pyridine-2,3,4«

tricarboxylic acid
III v
On the basis of the above evidence and a mass of confirmative
data which is not relevant to this discussion, the following

correct structure was assigned to papaverine in the year 1888 (5):

MeO \\\
MeO =N
CHg
OMe
OMe

i<
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Syntheses of Papaverine

Many attempts, both succeasful and wmsuccessful,
have been made to synthesize papaverine or closely related
analogues, The first complete synthesis, accomplished by
Pictet and Gams (8) in 1909, followed a general route for
which no alternative had been discovered. All successful
syntheses of the papaverine type structure involve the in=-

tramolecular condensation of an acylaminoethane derivative:

R~-CHR'=CHo~NH-CO-CHo=R'!

VI

or a Schiff base:
R-CHg~CHo=N=CH-CHo=R"?!
VII

where R, R'! may be phenyl,dimethoxyphenyl, or methylenedioxy~-

phenyl, and R' is H, OH, or OMe.

In particular, the Pictet and Gems synthesis employed
veratrol and homoveratric acid as the starting materials, Vera-
trol (dimethyl catechol) was converted by the Friedel-Crafts
reaction to acetoveratrone whose isonitroso derivative, reduced
with tin and hydrochloric acid, gave aminoacetoveratrone (VIII),
The hydrochloride of this amine, condensed with homoveratroyl
chloride (IX) gave homoveratroyl-w -aminoacetoveratrone (X)

which could be reduced to a secondary alcohol (XI), ring closed
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and dehydrated with phosphorus pentoxide to give papaverine (V):

d i
MeO \‘fﬂg MeO \\CHz
I
MeO NHo Cl-Co MeO NH
+ | O=¢ OMe
CH OMe
VIII
OMe X
OMe
IX

A

From the rather incomplete data recorded, it would seem that

an over-all yleld of papaverine no greater than 1% was effected

by this method.

Very shortly prior to this completed synthesis of papa-
verine, Pictet and Finklestein (7) obtained 3,4-dihydropapa-
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verine (XIV) by ring closure of the amide (XIII) obtained from

the condensation of homoveratrylamine (XII) and homoveratroyl

chloride (IX):

CH CH
MeO - ‘gGHg MeO \gGH
} c1-?o
MeO NHg MeO
+ CHo 0=C/mI
. { _— éH
XIX
OMe
I1
OMe
IX
CHz
Po0g MeO ?Hz
Xylene MeO
- N cl:/N OMe
CH OMe
XIv

It remained for Spgﬁh and Berger (8) in 1927 to show that

this compound could be dehydrogenated directly with palladized

asbestos at 200°C. to give a 73% yield of papaverine,

However,

the over-all yield in this process would again be no greater

than 1 or 2%.

Buck, Haworth, and Perkin, Jr., (9) prior to Spath

and Berger!'s work, had found however that 3,4~dihydropapaverine

(XIV) when dissolved in ethanol and exposed to the air gave
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3 ,4-dihydropapaveraldine (XV), This could then be dehydro=-
genated in 10% methanolic potassium hydroxide to papaveral-

dine (XVI) and finally reduced to papaverine (V):

CHg CHgo
MeO \?Hg 02 MeO, ~SCHp
EtcH -
l I
C\Hz C=0
OMe © OMe
OMe OMe
XIv P
MeO XX MeO X
10% KOH Zn
Me(H > MeO =N AcOH > MeO ~ZN
B s
ONe
OMe OMe
XVl v

In 1927 two groups of investigators, Rosenmund,
Notnagel and Reisenfelt (10), and Mannich and Welther (11),

accomplished the synthesis of papaverine in a somewhat dif-




9.

ferent manner although the baslc linear skeleton prior to the
ring closure was retained in this case as well., The novelty
of the method arose when veratraldehyde (XVII) was condensed
with nitromethane and the resulting B-nitrostyrene (XVIII)
was reduced to give ag-methoxyhomoveratrylamine (XIX), The
hydrochloride of this base was condensed with homoveratroyl

chloride {(fX) and ring closed in the usual manner:

MeO CHO Me CH=CH-NO2
CHzNOg Me(H
MeO 2 Mo ActH
NaHg
XVII XVIII
QMe
|
CHg CHo
MeO " Neag MeO ~"Le=g
HC1 > | |
— 7~ MeO » NHg MeO cl
K J
HC1 —
XIX IX
?Me
CH
MeO - NCHg P,0s OF MeO N
| P%Cfg >
MeO ~ NH lene MGO /N
Osg~” OMe 2
l CHg
CHg OMe | + Me(H
po + HOH

OMe

I

OMe
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No estimate of the over=-all yield could be deduced from this
work but one might conjecture that it, too, might be quite low.

J.S. Buck (12) in 1930 attempted a variation of Pic~-
tet and Gams' original synthesis by what he hoped would be a
direct ring closure of homoveratroyl=-. -amino-acetoveratrone
(X) with phosphorus oxychloride, then to be followed by reduc~
tion, dehydration and dehydrogenation. While he obtalned papa-
verine by this process, it remained for Young and Robinson (13)
a few years later to clarify the mechanism of the reaction and
show that ring closure first occurred as shown in (XXI); hydro-
genation then opened the ring to (XIII) and only in the next
stage was the desired ring closure to (XXII) brought about:

0
1]
C Cxl
Me -~ NaHg MeO |\CH
‘ POClz 0 \
MeO NH toluene -, MeO | N
°~‘c‘:/ OMe > ?% OMe
CH@ OMe CH OMe
X XXI
CHg Cg
MeO -~ \CHQ PClg MeO -~ \Gﬂz
| Hg ‘ Cold |
Pt 5 MeO o\\c'/NH CHC1 > MeO /N
I
CHo ' CHo
OMe ‘OHe
XITI OMe xxry = OMe

]
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N
Pd - MeO
Asbestos * ye0 N Me
200° = N
CHo ODMe
y

It 1s of value to observe here the remarkably mild conditions
(phosphorus pentachloride in cold chloroform) that were employed
to induce the ring closure, since prior to this time, boiling

xylene or toluene solvents were believed to be necessary.

A very interesting synthesis of papaverine, although
in quite low yleld, was carried out by Spgth and Berger in
1930 (14). The direct condensation of homoveratrylamine (XII1)
and homoveratraldehyde (XXIII) gave the corresponding Schiff
base (XXIV) which was cyclized in hot 19% hydrochloric acid
to give tetrahydropapaverine (XXV). The low yield of (XXV)
was attributed to the instabillty of both the Schiff base
and the aldehyde. Hahn and Schales (15) however, several
years later, observed that f-phenylethylamines condensed most
readily with phenylacetaldehydes at pH 5 and room temperature.
Conditions such as these are exceedingly mild, and may be ex-
pected to exist in the plant cells themselves, While 1t is
not certain that papaverine arises in the plant by the dehy-
drogenation of tetrahydropapaverine derived in this way, it
is nevertheless a feasible route. Certainly, it indicates

that optimum condensation conditions, in many cases, are far
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CHo CH
MeO \c\mg MeO \2(‘71:12
MeO NH2 Me( ' N
HC% OMe
+ I
= CH OMe
CHO OMe
XII \
- CHo OMe XXIV
XXIII
MeO \gCHg
19% HC1 |
> MeO _MH
}f OMe
CHg OMe
XXV

milder than they are usually imagined to be.

During the last war several processes for the commer-
¢ial production of papaverine were evolved in German industrial
plants and were deseribed in recent B.I.0.8. reports (16). These
processes were no doubt based, in part, on the investigations
of Kindler and co-workers (17) who condensed homoveratrylamine
and homoveratric acid in boiling tetrélin or dihydrophellandrene.
The resulting amide could then be cyclized and dehydrogenated to
glve papaverine. An excellent example of the advantage that
may be taken of the experience of the past fifty years in these

processes is the procedure used at the Merck (Darmstadt) plant.
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Here veratraldehyde (XVII) was reduced over a nickel-keiselguhr
catalyst at 110°C. and 2200 p.s.i. to veratryl alcohol (XXVI)
which, when treated with hydrogen chloride, then potassium
cyanide, followed by hydrolysis with alcoholic potassium hydrox-
ide, gave homoveratric aeid (XXVII)., On the other hand, when
the condensation product of nitromethane and veratraldehyde was
reduced with zinc dust in a 5% mercurie chloride solution, a good
yield of homoveratrylamine (XII) was obtained. The condensation
of this amine (XII) and homoveratric acid (XXVII) at 180°C. in a
decalin solvent and ring closure of the amide with phosphorus
oxychloride in refluxing trichloroethylene gave 3,4~dihydro=-
papaverine (XIV). This substanee could be dehydrogenated with
palladium on pumice to give an over-all papaverine yield of 16%

from veratraldehyde.

The process in the A.G. Knoll plant at Ludwigshaven
wag similar to the Merck process except that homoveratrylamine
was prepared by hydrogenation of the veratryl cyanide interme-
dlate in the preparation of homoveratriec acide The Hoffman - La
Roche (Grenzach) process was similar in principle to the syntheses
of Rosenmund et al. and Mannich and Walther (¢f. pe. 8). No
yields or reaction detalls are available for the Knoll and Hoff-
man - La Roche syntheses but they probably could compete with
the Merck method where an over-all yield of 16% was obtainable,

The final German synthesis outlined in the B.I.0.S.
reports is that which was employed in the C.H. Boehringer plant
at Nieder-Ingelheim. Here veratraldehyde (XVII) was condensed




MeO CHO MeO CHoOH MeO CHgo=-COCH
Ho HC1 ., _KON KOH -
MeO —7> Me0 ~  TEtoH MeO
XVIi XxXVi XXVII
CHg
I GHgNop _ N2 4 Heo g \(\:Hz +  XXVII decal
3NOo n . ecalin
——7 Me0 5% ~ MeO NHo
XVIII XIT
- CHg
2
MeO - Naag MeO / \CH2 MeO X
\ POC1 | Pd_
MeO Osg M > MeO A MeO 7
\
CHg (‘352 CHg
OMe OMe ©OM¢
OMe OMe ' OMe
XIII XIV v

Ay
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with hippuric acid (XXVIII) in the presence of sodium acetate and
acetic anhydride to give the correspondiné azlactone (XXIX) in
100% yield. After hydrolysis of the azlactone with one mole of
hydrochloric acid, the product (XXX) was condensed at 120°C. with
lime to give N=(homoveratroyl-)a-amino-f-veratrylpropionic acid
(XXXI) in 60% yield. Ring closure of the ethyl ester of this
acid with phosphorus oxychloride, followed by alkaline hydrolysis,
decarboxylation and dehydrogenation with palladium black in tetra-
1lin gave the desired papaverine (V). No yields in the final

steps were mentioned.

0
¢
MeO CHO i Acg0
e + 2 | NaOkc
MeO CH2
COOH
XVII XXVIII
MeO =¢c ——(=0
2 | o HC1 >
MeO N— 1l mole
XXIX
CH=C — COCH
MeO -~
lime
2 >
MeO HN—C 120

o

XXX cvee




CH
Me0 -~ ‘3?H-coaa
MeO 0 NH
°? OMe
CHo OMe
XXXT
H
2 g
Me O0H
MeO ’//N OMe
CH2 OMe
XXXII
MeO X
MeQ N
CHp
v

Syntheses of Papaverine Analogues

16.

(1) esterify
(2) POClgz
(3) NaoH (aq.)

>

P4
Tetralin >

Many analogues of papaverine have been prepared during

the fifty-year period in which synthetic studies in this field

have been conducteds It is Interesting to note, however, that

these related compounds were obtained in every case by ring

closure of the same types of baslie structures successfully used
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in the syntheses of papaveriné itself. (cf. pe 5). Thus Slotta
and Haberland (18) and Sugasawa (19) prepared various l-aryl iso-
quinolines!by condensation of B-arylethylamines and alkoxybenzoic
aclds, followed by ring closure and dehydrogenation in the usual
waye. Sugesawa and Sakurai (20) syntheéized 1-(3',4'-methylene~
dioxybenzyl )-3-methyl-6,7-methylenedioxyisoquinoline (XXXIII) by
econdensation of the appropriate f-aryl-a-methylethylamine under
the same conditions. 1In a like manner, the fifteen possible
ethoxymethoxy isomers of papaverine substituted in the 3!, 41,

6' and 7 positions were prepared by Shepard and Noth (21);
Tsatsas (éz) also synthesized 1-(2!',3'-dimethoxybenzyl)-6,7~
dimethoxyisoquinoline (XXXiV); Kubiczek and Spgth (23) 1-(2',31-
dimethoxybenzyl )-5,6-dimethoxyisoquinoline (XXXV); and Noller
and Azima (24) l-(p-methylenepyridyl)-6,7-methylenedioxylsoquino-
line (XXXVI) by the same general route.

CH2 |
o0 N MeO ~\7§fﬂN
CHg 2
OMe
~0 OMe
[ l
©0—CHg

XXXIIX XXXIV
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MeO
MeO N _0 ~x
N %o A
CHg CHg
OMe
OMe
XXXV XXXVI

Redel and Bouteville (25) in 1949 prepared methyl
papaverine-3-carboxylate and other esters in a manner quite
gimilar to the process reported for the C.H. Boehringer plant
at Nieder-Ingelheim (cf. pp. 13, 15, 16). The synthesis of
(XXXTII) and the corresponding l-phenyl derivative was accom=~
plished by Keimatsu (26) using the methbd of Mannich and Wal-
ther (11), while Rosenmund (27) obtained l-phenylisoquinoline
(XXXVIII) by the ring closure of w -benzamidostyrene (XXXVII)
with speelally prepared alumina:

CH\ N
CH=CH-Br NeH ~

0 /,&H N
36 y

= I A1203 =

XXXVII XXXVIII

+NH2

d

o
A



19.

Two interesting syntheses of papaverine analogues were
performed by Robinson and Sugasawa (28) and Clemo and Turnbull
(29)s The usual condensations of amine and acid (or acid chlor-
ide) followed by ring closure were carried out, but in both cases
the vanillin hydroxyl group was initially protected by a group
which was later removed. The former prepared l-(3'-methoxy~4'=-
hydroxybenzyl )~2-methyl-6-methoxy-7-hydroxy~-1,2,3,4-tetrahydro-
isoquinoline (XLI), using the benzyl ether of vanillin as a
starting material for XXXIX. After ring closure, methylation of
the amide nitrogen, and reduction, cleavage of the benzyl ether

units from XL yielded the phenolic derivative (XLI).

CHg
MeO \<|:H2
CHo-0 QQC/,NH
|
CH2
POClz MeI Pt >
CHClz ~ k4 Ho
MeO 20°

g—o
o]

XXXIX
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AcOH
HCl1
(-]
100 =
MeO OMe
XL XL

The latter workers used the benzoyl derivative of wvanillin to
synthesize g-methyl-p-(3-methoxy-4-~benzoylhydroxyphenyl )ethyl-
amine, The cbndonsation product of this amine and homoveratrioc
acid was ring closed with phosphorus oxyechloride, dehydrogenated
and hydrolyzed to give l-veratryl-3-methyl-6-methoxy-7-hydroxy-
isoquinoline (XLII). As one might expect, the introduction of

MeO AN Mo
HO —N OMe
CHg OMe
XLII

a different protecting group on the vanillin hydroxyl had no
apparent effect on the directive influences involved in the

ring closure of the intermediate amide. No evidence was found
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in this work, or for that matter in any of the other papaverine-
type syntheses, that 1soquinolines substituted in the 7,8 posi-
tions rather than the 6,7 positions could be obtained by varying
substituents in this method of ring synthesis,

Related Studies on Isoquinoline Syntheses

An examination of the structure of papaverine might
suggest that other approaches to the problem of synthesis would
offer some promise of success. It appears evident that two
phenyl nuclei, appropriately substituted with methoxyl groups,
must be initially present and that ring closure somewhere else
in the nitrogen cycle would provide the only hope of variation
in the method of synthesis. One such attempt to complete the
isoquinoline ring was quite novel, but also quite unsuccessful.
Keffor® (30) hoped to condense 2-cyano-3,4-dimethoxy- .) -bromo-
styrene (XLIII) with veratryl magnesium bromide, and thus to ob-

tain papaverine (V).

OMe
MeO CH=CH-Br
+ BrMgCH OMe
MeO C=N j;,

3
=
[ s ]
H

MeO X

MeO N OMe

+ MgBr2

CHo OMe

1<
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However, he obtained the nitrile only in very low yield and was
unable to prepare the Grignard reagent at all.

A final variation on the point at which ring closure is
to be effected in the nitrogen cycle would occur in the intra-
molecular condensation of a compound with the skeleton (XLIV):

C\\\

MeO ?

Me{ N N
¢ OMe
CHg OMe

The work of Pomeranz (31) suggested the feasibility of such an
attempt, He showed that ring closure, with concentrated sulfu-
ric acid, of the Schiff base of benzaldehyde and aminoacetal
gave rise to a 50% yield of isoquinoline, and he outlined the
possibility of preparing papaverine from the corresponding
Schiff base of desoxyveratroin. It remained for Fritsch (32),
in the first reported attempt at the synthesis of papaverine,
to prepare the Schiff base of desoxyveratroln and aminoacetal
by condensation at 200°C. This base, an undefined oil, on sub~
sequent ring closure in 80% sulfurie acid at room temperature
gave only a very low yleld of a yellow compound melting at
163°C., or 15°C. higher than papaverine, but with nearly the

same elementary analysis. (Cale. for CgoHo104N: C, 70.8;
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H, 6.2; N, 4.1%; Found: C, 70.7; H, 6.4; N, 4.8% ) On the
basis of these unsatisfactory analytical results, Fritsch
claimed the compound was isomeric with papaverine, but no fur-
ther work was undertaken to establish the structure of this so-
called isomer, Fritsch did extend, however, the scope of the
Pomeranz isoquinoline synthesis to include 7-alkoxyisoquinolines
and 6,7-methylenedioxyisoquinoline, He also showed that deriva-
tives of meta alkoxybenzaldehyde gave rise to only 7-alkoxyiso-
quinolines and that the ortho or para 1somers gave no identi-

fiable products.

Further work by Woodward and Doering (33) and Manske
and Kulka (34) in later years have extended the applicability
of this method still more. Of note in this respect 1s the
relative ease with which aminoacetal condenses with substituted
benzaldehydes to give the Schiff base, and the rather good ylelds
of the corresponding isoquinolines obtained on ring closure of
the compounds cited. In particular, Woodward and Doering pre-
pared 7-hydroxyisoquinoline from m-hydroxybenzaldehyde, while
Manske and Kulka synthesized 7-hydroxy-8-echloroisoquinoline
from 2-chloro-3-hydroxybenzaldehyde, Equal amounts of 5~ and
7-chloroisoquinoline were produced from m-chlorobenzaldehyde,
by an indifferent ring closure in the 2 as well as the 5 position

in the benzene ring.

Other failures, in addition to the Fritsch attempt to
synthesize papaverine, have been recorded for the Pomeranz method.

Perkin and Robinson (35) got only a trace of the isoquinoline af-
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ter ring closure of the Schiff base obbained in good yield by
condensation of 2,3-dimethoxybenzaldehyde with aminocacetal.

Staub (36) in an extensive survey of various possibilities oon-
cluded that ring closure could only occur if the side chain con-
tained conjugated (or potentially conjugated) double bonds and
also an hydroxyl or alkoxyl group f to the nitrogen atom. No
attempt was made to correlate the effect of substituents in the
benzene ring. This task would appear to be impossible since ob-
vious anomalies may be found. As an example, one only need quote
the failure of Fritsch to obtain an isoquinoline from the Schiff
base of desoxyveratroin and aminoacetal, while he obtained an
excellent yield of the isoquinoline from the Schiff base of 3,-
4-methylene-dioxybenzaldehyde and aminoacetal, It is difficult
to imagine how the presence of a veratryl group on the slde chain
of the Schiff base could have such a profound effect on the re-
action. Apart from the failure with the desoxyveratroin Schiff
base, a successful ring eclosure would appear to follow only with
the Schiff base of an unsubstituted benzaldehyde, of a meta
hydroxy-, alkoxy- or chlorobenzaldehyde, of a 3,4-dlalkoxy~ ,

or 2-chloro-3-hydroxy- or alkoxybenzaldehyde.

A related, but more limited, isoquinoline synthesis
was devised by Ragheimer and Sdhgn (37), in which the hydrogenated
Schiff bases of certain aryl aldehydes were cyclized with arsenlie
pentoxide in strong sulfuric acids. As an example, one may cite
the preparation of 6,7-dimethoxyisoquinoline in 50% yield from
N-veratrylaminoacetal, On the basis of this observation, Allen
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and Buck (38) undertook the preparation of papaverine. They
heated bromoacetal and 3,4,3',4!'-tetramethoxydesylamine (XLV)
to 150°C., treated the brown oil which they assumed to be XLVI
with arsenic pentoxide in concentrated sulfuric acid, and hoped
that the reaction would follow the course outlined through XLVI

to give V.
Me | CH(OEt ),
|
Me + CHp 150°¢
\\ ,/NH2 | -
C OMe Br
-0l
CHgz - OMe
XLV
CH(OEt),
MeO CHg MeO X
| As§0 0
HoSO MeO N Me
| CHg OMe
CHg OMe
XLVI ¥

Unfortunately they obtained no identified products. No other con-
densing agents were employed and no attempt was made to charac-
terize the intermediate oil in the series. On the basis of this
scanty evidence they concluded that the method offered no fur-
ther promise of a papaverine synthesis, There is, however,

grave doubt that the intermediate amine would actually be ob-
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tained under the conditions they employed in the condensation
and therefore the conclusion 1s unjustified that ring closure

of this compound would be unsuccessful.

It 1s nevertheless true that other investigators have
failed in the application of the Ragheimer method to the syn-
thesis of certain isoquinoline derivatives. Of note is the
work of Young and Robinson (13) who conclude that compounds of
type XLVII condense very easily, while compounds of type XLVIII
are very difficult, if not in most cases impossible, to condense.

R
& 0=C
CHg NRy
XLVII XLVIII

As an example of the difficulty of eondensing type XLVIII com-
pounds, they quote the very low yields obtained on ring closure
of piperonyl-methylaminodiethylacetal (XLIX) or piperonylmethyl-

amino- w) -acetophenone (L):

0 CH 0 CH
/ -y / Ry g
c% c% 0
2 “
0 JHe” ' 0 SR
(0CoH )
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using such condensing systems as 80% sulfuric acid saturated
with hydrogen chloride, phosphorus pentoxide or oxychloride

in toluene or benzene, concentrated hydrochloric acid alone or
with acetie acid, 10% hydrochloric acid, anhydrous oxalie acid,
and acetlic anhydride - sulfuric acids The fact that these
saturated side chain compounds were found to be difficultly
condensed agreed well with the observations of Staub on the
unsubstituted phenyl derivatives (p. 24) and strengthens the
conclusion that the Ragheimer method encompasses only a very
narrow range of applicability.
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DISCUSSION OF RESULTS

Previous synthetic work on papaverine left little
to be desired as far as the preparation and condensation of
acylaminoethane derivatives are concermed. Attempts, how-
ever, to prepare papaverine by closure of the isoquinoline
ring in an alternative position have been singularly unproduct-
ives In particular, one might recall the unsuccessful and quite
incomplete work of Fritasch (32) and Allen and Buck (38) out=-
lined previously. Many qQuestions in this work were left un-
answered and it was felt.that a re-examination of this alter-

native route to papaverine would not be amiss.

Preliminary Preparations

Many methods are recorded for the preparatioﬁ of
desoxybenzoins. Among these are the reduction of benzils (38,
39), the reduction of benzoins (40, 41, 42, 43, 44) the reaction
of benzamides with benzyl magnesium chlorides (45), the conden-
sation of phenylacetyl chlorides with aromatic hydrocarbons un-
der the influence of aluminum trichloride (46), and finally,
the reaction of tolans with ethyl mercaptan followed 5y hydroly-
sis of the dithioketal with 25% hydrochloric acid (32). The
method of Kubiczek (44) was chosen to prepare desoxyveratroin,
3,3'~-dimethoxy-4,4'-dibenzyloxydesoxybenzoin, and desoxybenzoln,
since good supplies of methyl venillin, benzyl vanillin, and

benzoin itself, were readlly available. In the former cases, a
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simple benzoin condensation of veratraldehyde or ¢~benzyl
vanillin in the presence of potassium cyanide, followed by re-
duction with zinc and acetic acid, was sufficlent while in the

latter case reduction only was necessary.

The crude veratroin from the initial condensation was
purified by precipitation from ether into petroleum ether prior
to reduction. The observation of Fritsch (32) that desoxyvera-

- troin and veratril could not be separated from one another by
crystallization was confirmed. Girard's reagent (47), however,
was found to be an excellent means of obtalning pure desoxyvera-
troin, uwncontaminated with other reduction products and veratril,
Here desoxyveratroin alone reacted with the difunctional "T" rea-
gent to give a water soluble carbonyl derivative stable at ﬁH
7.0 After removal of the water insoluble fraction with ben-
zene, acidification of the aqueous solution to pH 1.0 decomposed

the derivative and precipitated pure desoxyveratroin.

The low yield of 8% of theory was at first attributed
to excessive loss of veratroin during the petroleum ether preci-
pitation, where Kubiezek found that only a 25% yield of vera-
troin could be obtained. A 50% yield was reported when the puri-
fication was carried out by alumina chromatography and in both
cases the veratroin eould be reduced quantitatively to desoxyvera-
troin. When however the ether extract of the present reaction
mixture was evaporated under nitrogen and the residual oil was
reduced with a large excess of zine dust, the highest over-all

yield of pure desoxyveratroin was only 18%, and that of the
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benzyl analogue 28%. other investigators (48) also found that
such zinc dust reductions were often capricious and depended
markedly on the grade of dust employeds The attribution of

the low ylelds to this factor, and not to the veratralddhyﬂe
condensation was supported by the low (41%) yield of pure desoxy-
benzoin obtained when crystalline benzoin was reduced under the

same conditions.

As Allen and Buck (38) showed, a yield of appreximately
70% of desoxyveratroin oxime was obtained by using hydroxylamine
hydrochloride in pyridine at 100°C. Present experiments showed
however that the yield could be increased to 100% at room tem-
perature by prolonged stirring of a slurry of desoxyveratroin
in 80% ethanol containing a five molar excess of hydroxylamine
hydrochloride buffered with sodium acetate to pH 5.0, Pure
desoxyveratroin oxime was readily recovered by partial evapora-
tion of the solution after 2 or 3 days! time. The increased
yield was no doubt due to the elimination of decomposition and
oxidation in hot pyridine solutions, While desoxyveratroin
readily formed the oxime in aqueous ethanol, the corresponding
benzyl derivative was completely inert. This mischance might
be attributed, in part at least, to the complete insolubility
of the benzyl derivative in ethanol. The oxime of this com~-
pound was readily prepared in 85% yield with pyridine and
hydroxylamine hydrochloride at 100°C.

The reduction of desoxyveratroin oxime over Raney

niekel in an ethanol - acetic acid solvent at 1300 p.s.i., and
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80-100°C. gave 70% of 3,4,3!,4'-tetramethoxydesylamine (XLV).
This method appeared more convenient than the reduction with
gsodium amalgam and acetic acld in ethanol employed by Allen and
Buck (38) who reported a crude yield of 75% of theory. One or
more recrystalliéations from water were necessary to bring their

product to a comparable state of purity.

Most of the chloroacetal was obtained from the East-
man Kodak Co., but the earlier supply was derived from a 40-45%
aqueous solutlon of chloroacetaldehyde obtained from the Dew
Chemical Co. The chloroacetaldshyde was salted out of this solu-
tion by saturation with ammonium nitrate and sulfate, and the
ether extract, after th§rough drying over calcium sulfate, was
evaporated. According to Natterer (49) chloroacetaldehyde could
be converted to dhloroacefal in the presence of a calcium chlor-
ide catalyst and a very large excess of ethanol. He remarked
that the reaction was quite slow but failed to include pertinent
experimental details or his ylelds With this Information as a
gulde, the present procedure, involving the continuous removal
of water formed during condensation, by slow azeotroplc distilla-
tion with benzene, gave a 30% yield of chloroacetal and was con-

sidered satisfactory.

The conversion of chlorocacetal to aminoacetal may be
brought about with liquid ammonia at 130°C. (50); agueous ammo~-
nia at 130°C. (51); ethanolic or methanolic ammonia at 115 to
140°C. (33, 52, 53); and aqueous ethanolic ammonia, ammonium car-

bonate at 115°C. catalyzed with potassium iodide (54). The latter




32,

procedure of Richmond and Wright (54), although giving somewhat
lower yields than the high temperature alcchol~-ammonia systems
(viz, 33, 53), was employed throughout since it was the most
easily adapted to the equipment at hand. Yields comparable
with the 30-35% reported by Richmond and Wright were obtained
in the conversion of chloroacetal, but the substitution of bro-
moacetal in equivalent amounts lowered the yield to 11-14% of
theory. The use of a 1l2-hour reaction time at 140°C., or 27
hours at 120°C., did not markedly affect the yield in the bromo-
acetal reaction. The lowered yleld was not difficult to under-
stand, since bromoacetal in ethanoliec ammonia gave only 354 of
aminogcetal (53), in contrast with the 70% yield obtained from
chloroacetal in methanolic ammonia (33).

Condensation of Desoxyveratroin
and Aminoacetal

The attempt made by Pritsch (32) to prepare papaverine
from the Schiff base of desoxyveratroin and aminoacetal was out-
lined in a previous section. On preliminary examination it would
appear that the conditions used to prepare the Schiff base were
unnecessarily severe, since many instances were cited in the
Introduction to show the relative ease with which aminoacetal
condensed with arylaldehydes. As already noted, desoxyveratroin
oxime also formed readily. Although the 0ll obtained by Fritseh
analyzed fairly well for the expected Schiff base (LII), (cal-
culated for CoHzz0gN: C, 66.9; H, 7.67; N, 3.25%; Found:
¢, 65.5; H, 7.3; N, 3.2%), no further substantiation of its

structure was undertaken beyond the observation that hydrolysils
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in molst alr recovered some desoxyveratroin and aminoacetal,
Since quantitative data and experimental detail were not quoted,
the observation might have been caused by a high percentage of

unreacted material in the product.

The results of various attempts to bring about this
condensation (Taeble I) were negative except in the final case,
in which the water formed was continuously distilled away from
the reaction zone rather than being returned by reflux. The
possible partial condensation obtained in this example was no
doubt due to the continuous removal of water and the rather
high temperature, since the parallel experiment at 100° (Table I,

run 9) was negative,

In another trial a mixture of desoxyveratroin and a
four meolar excess of aminoacetal was slowly distilled, at at-
mospheric pressure and under nitrogen, over a one-hour period.
The temperature of the pot residue rose steadily from 160°C.
to 245°. and an almost theoretical recovery of the excess
aminoacetal was found in the distillate. Hydrogenation of the
0ily pot residue, in ethanol over Raney nickel at 1300 p.s.i.
and 80 to 100°C., gave an over-all yield of 61% of N-(3,4,3!,4'-
tetramethoxydesyl)-amtnoacetal (XLVI) crystallizing in fine,
white, felted needles and melting at 69.6-70,0°C. This sub=-
stance was identified by elemental analysis and, in particular,
by an alkoxyl determination, If a 70% yield (similar to that
obtained on the hydrogenation of desoxyveratroin oxime) 1is
assumed, then the yield of Schiff base (LII) from the condensa-
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Run Solvent

TABLE I

Unsuccessful Attempts to Condense
Desoxyveratroin and Aminoacetal (&)

35,

Recovery
of
desoxy-
Temp, Time veratroin
Ccatalyst (°C.) (hrs.) (%)

Oother products

1
2
3
4
5
6
7
8

9
10(e¢)

(b)

Ethanol none 20 168 100
" " 80 30 100
n trace AcCH 20 168 100
f " 80 30 100
" 5 cc. ActH 20 168 100
u " 80 30 100
Pyridine trace NaCH 115 18 79
" HC1 115 9 71
none none 100 6 100
" b 150-160 4 92

(a)

(b)

(e¢)

Moles of desoxyveratroin and amino-
acetal both 0.0069 unless other-
wlse stated,

Desoxyveratroin 0,0026 mole, amino-
acetal 0,007 mole.

Desoxyveratroin 0,079 mole, amino-
acetal 0.36 mole,

11% veratril
4% b
16% veratric acid

1% veratril
20% by weight of
red gum,
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tion would be 61/0.7 or of the order of 85-90% based on the
desoxyveratroin employeds The recovery of unchanged desoxy-
veratroin from the non-basic fraction of the product was 9%,
and in addition there was 6-7% of & nitrogen-free solid believed
to be a mixture of desoxyveratroin reduction products. This
evidence, and the nearly quantitative recovery of excess amino-
acetal, suggests that an 85% yield of the desired Schiff base
was obtained, but only at temperatures in the region of 200°C.
All attempts to isolate and crystallize the pure Schiff base
have failed.

There can be no doubt that the temperature and un-
known catalytic effects had a marked influence on the yleld of
the Schiff base from thlis condensation. In later repetitions
of the run discussed above, it was impossible to obtain the
hydrogenated Schiff base in yields above 25%; and, indeed, when
the temperature was maintalned at 245° . for a prolonged time,
the Schiff base would appear to have been completely destroyed.

Reaction of Haloacetals with
3,4,31,41-Tetramethoxydesylamine

In an attempt to prepare N-(3,4,5',4‘-tetramethoxy-
desyl )-aminoacetal (XLVI) by the condensation of bromoacetal
and 3,4,3',4'-tetramethoxydeaylamine (XLV) at 145°C., Allen and
Buck (38) obtained only a red oill which was not characterized.
When chloroacetal was heated under reflux in xylene with the
desylamine, a 35% recovery of the latter was effected and no

other acid-soluble compound was found, If the expected compound




37.

had indeed been produced it would have appeared in the acid

soluble fraction,

The present work showed that a condensation of bromo-
acetal with the desylamine in benzene, at room temperature, gave
rise to a 60% recovery of the latter, together with a 19% yield
of an acid insoluble, amorphous compound decomposing at 237°C.
The compound was insoluble in all solvents except pyridine; did
not contain halogen, and contained only a trace of nitrogen.
Much lower methoxyl and carbon values than those usual in this
series of compounds left the possible structure much in doubt.
The best empirical formula was CjgHg2011, but this formula,
derived from carbon and hydrogen values, could not be correlated
with the methoxyl value. Thus 1t appeared that at 20°C. or
135°C. the condensation of haloacetals with 3,4,3',4!'-tetra-
methoxydesylamine did not produce the hydrogenated Schiff base
(XLVI) desired. |
Ring Closure of the Schiff Base

Derived from Desoxyveratroin
and Aminoacetal

Once the identity of the condensation product of desoxy-
veratroin and aminoacetal had been confirmed as the Schiff base
LII, the next task was to bring about a Pomeranz ring closure
(c¢fe pPe 22). When an intramolecular condensation of the Schiff
base (LII) in phosphorus péntoxide - concentrated sulfuric acid,
in 80% sulfuric acid, or in concentrated sulfuric acid was at-
tempted, the only product identified in the earlier experiments
was the yellow crystalline base, m.p. 163°C., already reported
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by Fritseh (32). All three condensing media were of nearly
equal efficlency and a purified yield of 20% of theory (based
on desoxyveratroin) was realized. Similar yields of 18-22%
were obtained for reaction times ranging from 15 to 40 hours
in 83% sulfuric acide One of the latter condensations in 83%
sulfuric acid was carried out employing a Schiff base prepara-
tion from which an aliquot had been removed and hydrogenated
to give pure, crystalline N-(3,4,3',4!'-tetramethoxydesyl )=
aminoacetal (XLVI). Since the yield of the latter compound
was only 22,.5%, it was reasonable to assume, as befors, that
the yield of the Schiff base would be no greater than 22.5/0,7,
or 32%. This estimate suggested that the intramolecular conden-
sation of the Schiff base in 83% sulfuric acid proceeded quite

smoothly to give a yileld, in this one step, of _18 §§j22 % 100
or at least 70% of theory; and that the low over-all yield must
be attributed to the initial condensation of desoxyveratroln and

aminoacetal,

Examination of the brown residues from this prepara-
tion revealed that papaverine, too, was formed 1n very low yleld.
This base was isolated by digestion of the brown solids with
petroleum ether to extract a yellow-white solid. A fortuitous
separation of papaverine from the yellow base in this mixture
was effected on an alumina column, using benzene which had been
previously dried over calcium chloride as an eluant. Under these
conditions, papaverine was retained on the column, while the

yellow base was washed through. The papaverine was adequately
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identified by analyses and mixed melting point determinations.
A 1.1% over-all yield of papaverine, or at least a 3.5% yield
from the Schiff base, was obtained in 83% sulfuric acid. Thus
it would appear that about 20 moles of the yellow base were

formed for every mole of papaverine.

Repeated crystallization from ethanol raised the melt-
ing point of the persistently yellow base to 165°C. Unlike

substituted isoquinolines of the papaverine type, the hydrochlor-

1de of this base (melting point 212°C.) was only sparingly soluble |

in water, was somewhat unstable, and furthermore was deep orange
in color. Molecular weight determinations and analyses of the
free base and its hydrochloride left no doubt that the compound

was an isomer of papaverine, CjgHgN(OCHZ)4.

Infra red absorption studies in Nujol mulls, very kind-

ly carried out by Mr. A.W. Pross at the laboratories of Canadian
Industries Ltd., McMasterville, Que., on papaverine, the yellow
isomer Coolig104N, and the compound 020H2304ﬂ\to be discussed
later, disclosed the following points:
" Benzene may be triply substituted in the following
ways: symmetrical, vicinal, unsymmetrical. These ring
systems give rise to specific bands which are sufficient-
ly spaced to make differentiation possible, The evidence
is definitely in favour of the presence of an unsymmetrical
trisubstituted benzene ring in the yellow base CgHojOyN,
further confirmation being provided by the presence of two
very close bands at 805-810 cm'l, which would be expected
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from two such systems in the same molecule, The spec-
trum of papaverine, on the other hand, shows the pres-
ence of only one such band in this region.

The N-H band is absent from the spectrum,
whereas the spectrum of pyrrole shows it strongly. There
are strong similarities between the spectrum of this
base, Cgpliog]O4N, and pyrrole, so much so that if the N-H
band had been present it would be reasonably certain

}that the base contained a pyrrole ring. It appears there-
fore that a five-membered pyrrole-type ring may still be
present but arranged in such a way that the N-H group
i1s absent.

If this compound contained a five-membered ring
in which nitrogen is present, but no N-H group,,the spec-
trum should show the N=C band. Imines, e.g. pyrrole,
show not only the N-H stretching frequency, but two fur-
ther bands; a strong band at 1625-1690 em~l and a medium
band at 1500-1590 em~l, Substituted imines show a single
band in this region at 1600-1660 ecm™l., 1In the base,
CooH21 04N, the strong band at 1625-1690 is absent but
there is a band sufficlently close i.e., at 1566 cm'l,
that can be attributed to N=C. This is additional evi-

dence for an imine formulation of a pyrrole ring system."

Support for these observations was found in the ab-
sence of active hydrogen in & Zerewitnoff determination; the
inability to prepare acetyl, benzoyl, or methyl iodide deriva-




tives of the compound; the ease of reduction to a mixture of
colorless secondary amines; the yellow color of the base; and
the orange color, insolubility and instability of the base
hydrochloride. All this evidence suggested that the predominant
course taken by the ring closure of the Schiff base (LIII), was
the hydrolysis of the acetal unit to a free aldehyde, which then
condensed with the reactive methylene carbon atom of the benzyl
group. The yellow base, Conligy 04N, would then be 2,3-41(3,4-
dimethoxyphenyl )-5-pyrrolenine (LIV). The isomeric papaverine
(V) was produced in minor yield by the condensation of the al-

dehyde with the reactive carbon atom in the sixth position of

the veratryl nucleus:

OMe
OMe
? —— N-CHgo //H
o s
Et0 OEb H2504
OMe
OMe

LIII
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MeQ
MeQ ¢ ———CH
MeO AN
+ |
MeO N OMe
GHQ OMe
Me0 ‘XN /032
MeO \“
LIV v
yd. = 70% | yd. = 3.5%

By condenging desoxybenzoin and aminoacetal, and by
the ring closure of the resulting oil, it was hoped to prepare
the simpler diphenyl analogue of the papaverine lsomer just
discussed. Only a brown amorphous material, which was insolu=-
ble in dilute acids, and most organic solvents, was obtained.
This failure was probably not caused by lack of condensation
of the desoxybenzoin and aminoacetal, since the theoretical
amount of aminoacetal was consumed in the reaction. However,
the resulting Schiff base might have been more easlily decom-
posed than the corresponding methoxylated derivative, which was

stable unless the temperature during the preparation was msain-
tained at 245°C. for prolonged periods of time.
Ring Closure of the Hydrogenated Schiff

Base Derived from Desoxyveratroin
and Aminoacetal

When Allen and Buck attempted a Rﬁgheimer synthesis
of papaverine (cf. pe 25) they assumed that the brown oll ob-
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talned on condensation of bromoacetal and 3,4,3',4'-tetra-
methoxydesylamine (XLV) contained the secondary amine N-(3,4,3!',
41-tetramethoxydesyl)-aminoacetal (XLVI). In an earlier section
of this thesis (c¢f. pp. 36, 37) it was shown that in all likeli-
hood none of this material was present at all in the products

of thelr reaction. In the present experiments, the same com-
pound, derived in crystalline form by hydrogenation of the
Schiff base of desoxyveratroin and aminoacetal, when subjected
to the conditions of a Rugheimer synthesis, yielded up to 56%
of a white crystalline solid analyzing as dihydropapaverine,
Coolioz 04N, but melting at 156°C.

The ease of formation of an acetyl derivative from
this new substance 1ndicated the presence of a secondary amino-
group. Two compounds, also énalyzing for CgopoH2304N, which
need not be considered were pavine (LV) melting at 201°C. (55)
and 1,2-dihydropapaverine (XXII) which melts at 97°C. (56) and
has no acfive hydrogen. The possibility of the compound being
a crystalline form of 3,4-dihydropapaverine (XIV) could not be
exeluded, but three groups of investigators (7, 8, 9) found
this derivative to be an oll distilling at 200°C. and 0,001 mm.
pressure, The two most likely structures for the compound would

seem to be LVI or LVII:
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OCHgz
OCHg
v
MeO MeO,
MeO N MeO ¢ =————=¢CH
N-H
CH2 ' or
MeO ¢ 2
BN\ /CH
OMe MeO X
H
OMe
LVI LVII

By analogy with the work reported for the ring closure of the
unhydrogenated Schiff base, the pyrroline formulation (LVII)
was preferred td that of the dihydroisoquinoline (LVI). This
formulation was also favored by Mr. Pross whose infra red stud-

ies were extended to this compound. His report states:

" The overall pattern of the spectrum favours

a structure similar to LIV, i.e., indicative of LVII,
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The spectrum of thls compound also showed a double band
at 799-808 cm‘l, where a band due to an unsymmetrical
benzene ring absorbs. By similar reasoning to that put
forward for the former compound therefore, it would seem
that the molecule has two substituted benzene rings.

The N-H stretching frequency was present in the spectrum
confirming the chemical evidence for a readily replaceable
hydrogen atom in the molecule. The infra red evidence is

therefore in favour of LVII.®

Finally, the complete destruction of this compound when attempts
were made at dehydrogenation under conditions suitable for di-
hydroisoquinolines, argued against the structure (LVI), All

the available evidence, therefore, suggested that the compound
CooHoz 04N, melting point 156°C., was 2,3-di(3,4-dimethoxyphenyl)
- A%-pyrroline (LVII).

Table IT summarizes some experiments which had the
object of finding the minimum éonditions for acld belng used
without the addition of arsenic pentoxide., If the very reason-
able assumptions were made that failure to recover the starting
material corresponded to an initiasl hydrolysis of the acetal
grouping, and failure to isolate LVII meant that the condensa=
tion of the free aldehyde had not occurred, it appeared that
sulfuric acid from a strength of 20% up to 65% was capable of
hydrolyzing the hydrogenated Schiff base, but was unable to
cyclize the resulting aldehyde to an identifiable product,

The acid caused only a slow hydrolysis, since 15% of the origin-
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TABLE IT

Treatment of the Hydrogenated Schiff Base(2a) of
Desoxyveratroin and Aminoacetal with 20-83% Sulfuric acid(b)

Sulfuric Aeid CooHoz 04N
, Yield

(ce.) (%) (%) Other Products
2.5 83 0.0 10% by weight of yellow gum
3.0 75 6.4 do
3.5 65 0.0 do
5.0 50 0.0 do
7.5 35 0.0 do

15.0 20 0.0 104 by weight of yellow gum

plus 15% recovery of
starting material

(a) The crystalline base, 0,00046 mole, was
used in each case,
(b) PFor 17 hours at 20°C. in each case,

al base could be recovered after 17 hours in 20% sulfurie acid.

As the acid strength increased to 75%, & low yield of CogHoz 04N

was obtained, end at 83% no identifiable product was again to

be found after 17 hours. Thus, at sulfuric acid concentrations

of about 75%, and higher, hydrolysis and ring closure took place
but prolonged exposure of the product to the acid occasioned

subsequent decomposition.

The rate at which the hydrolysis occurred in 37% hy-
drochloric acid at 20°C. was more closely studlied by estimating
the liberated ethanol with the results found in Table IIl. Here
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TABLE III

Treatment of the Hydrogonated Schiff Base of Desoxyveratgoin
and Aminoacetal with Concentrated Hydrochloric Acid(®

Time Ratio of the Ethanol Found to
(brs.) That Calculated for Complete Hydrolysis
0.5 0.14
3.0 0.71
6.0 0.98
24 1.00
51 0. 99

(a) The base, 0,02 gm., was dissolved in
1l ecc. of the acid at 20°C. in each
case,

hydrolysls was complete after six hours! time. None of the
pyrroline compound, CogligzO04N, was isolated in these reactions
but the colorless gum that was precipitated when the solutien
was made alkaline did not exhibit any evidence for a free car-
bonyl group. It must be Imagined that condensations involving
the carbonyl group, but other than the expected ring closure,

took place in the concentrated acid.

Attempts to prepare the free aldehyde of the hydro-
genated Schiff base by conversion first to the thloacetal, fol-
lowed by neutral hydrolysis with mercuric chloride and cadmium
carbonate, led to inconclusive and conflicting results (see,
Experimental pp. 73-75). To afford support, then, for the

above conclusions recourse was made to direct hydrolysis of
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the acetal in dilute (2N) hydrochloric acid at 100°C. when 92%
of the ethanol theoretically possible was liberated after 7
hours. The product set free when the solution was made alkaline
exhibited a very strong positive teat for the carbonyl function.
In this case the hot, dilute acid was capable only of hydrolysis
of the acetal grouping presumably to yleld the fres unpolymer-
ized and uncyclized aldehyde in 84% yield. Although attempts

to crystallize the aldehyde failed, the crude o0il was cyclized
in 83% sulfurie acid over a 4-hour period to afford an unusually
good (38%) yield of the pyrroline compound, CooHo3z04N.

Table IV summarizes various trials to determine the
optimum conditions for the hydrolysis and cyclization of the
original acetal. The more concentrated acid gave a maximum
yield of 56% after 7 hours, while the 75% acid yielded a maximum
of only 30% after 8 hours. The instability of the product in
83% sulfuric acid, however, was demonstrated by recovery of only
48% and 18% after 2 and 18 hours at 20°C., respectively. Al-
though lack of material prevented further experiments, the re-
sults suggested that a much shorter reaction time iIn concentra-
ted sulfuric acid would afford a further improvement in the
maximum yield. An improvement might also be furnished by prilor
hydrolysis of the acetal grouping in hot dilute acid, followed
by ring closure, since one such reaction (pp. 70-71) gave an
over-all yield of 32% with a ring closure step of only 4 hours.
Comparison with the 34% yield obtained from the acetal compound
after 5 hours in 83% sulfuric acid (Table IV) suggests that the
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TABLE IV

Cyclization of the Hydrogenated Schiff Base
in 75% and 83% Sulfuric Acid at 20°C,

Hydrogenated  Sulfuric Acid Reaction Yield of

Schiff Base Time CoHoz 04N
(moles x 10%) cee (%) _(hrs.) (%)
9.2 6 75 4 1.6
9.2 6 75 6 6.8
9,2 6 75 8 30,
9.2 6 75 11 12,
23,1 11 83 5 34,
23,1 11 83 6 42,
23,1 11 83 7 58.
23.1 11 83 8 54,
23,1 11 83 10 18,
23,1 11 83 13 2,
4.6 2,4 83 17 O.
23,1 17 83 4.5 25,(8)
34.6 17 83 6e 48.(b)

(a) Arsenic pentoxide (0.0044 mole) was added.
(b) Arasenic pentoxide (0.0087 mole) was added.

condensation was set ahead by approximately the length of time
it would take for hydrolysis of the acetal group.

Finally, the addition of arsenic pentoxide to the re-
action mixture had no appreciable effect on the yield of the
pyrroline, which was 25% after 4.5 hours and 48% after 6 hours.
In reactions involving similar compounds (cf. pp. 24-27), where
eyelization initlally occurred to give an intermediate dihydro=

isoquinoline, the presence of arsenic pentoxide serve to dehy-
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drogenate (or oxidige) this intermodiate to the cérresponding
isoquinoline. The fact that no oxlidation occurred in the
present instance fumished further support to the view that
020H2304N was best represented as the pyrroline (LVII),
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EXPERIMENTAL

Preparation of Desoxyveratroin (44)

A. A solution of 60 gm., or 0.36 mole of veratraldehyde,

end 13 gm., 05 0.22 mole, of potassium cyanide in 180 cc. of
ethanol and 60 cec. of water was heated under reflux in a 500 cc.
three-neck flask for 4.5 hours, During this time, hydrogen was
bubbled into the deep red solution through a tube extending to
the bottom of the flask. After the solution was cooled, it was
saturated with carbon dioxide, diluted with 500 cc. of water
and extracted with six 100 cc. volumes of ether. After drying
~over anhydrous sodium sulfate the clear yellow ether extract
was mixed with 700 cc. of petroleum ether (b.p. 30-35°C.) and
allowed to stand overnight at -7°C. The yellow oil which
settled was separated by decantation, redissolved in 200 cc,.

of ether, reprecipitated with 100 cc. of petroleum ether and
finally dried in vacuo to a constant weight of 32 grams.

Yield of crude veratroin, 53%.

A solution of this oil in 400 cc. of methanol, 200 cc.
of glacial acetlic acid and 100 cc., of water was heated on a
steam bath under reflux and 56 gm. of zinc dust was added over
the course of 2 hours durling which time the solution changed

from yellow through green to colorless. After complete addition

of the zinc dust, the solution was cooled, filtered, and evaporated

to a volume of 50 cc. in vacuo. The concentrate was then poured
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into 600 cc. of stirred water and the solid which separated
was recovered on a filter and alr-dried. Weight, 12.5 gnm,
(22%4) and melting point 84-92°C. One recrystallization from
methanol left 10.5 gm. melting 94-99°C. Further recrystalliza-
tion from methanol, ethanol, benzene or ethanol-benzene failed
to raise the melting point above this to the 105°C. value
quoted by Kubiczek (44).

B. In an exactly similar run, 1l.3 gm., or 0,036 mole,
of the crude desoxyveratroin was dissolved in 100 cc. of abso-
lute ethanol and 10,0 cec. of glacial acetic acid (0.175 mole)
and was heated under reflux with 6.7 gm., or 0,040 mole, of
Girardts "T" reagent (47) for 2 hours. After cooling, the red
solution was poured into 300 gm. of ice and water containing
21.5 gm. of potassium carbonate and the mixture was extracted
with benzene. The clear, almost colorless aqueous solution
was then acidified to pH 1.0 with hydrochloric acid and a white
so0lid separated. After filtration and air-drying, the product
weighed 4.6 gm., and melted from 103.5-104,5°C, This prepara-
tion represented a yield of pure desoxyveratroin of 8.1% of

theor'yo

Ce The yield was increased to 18% of theory by eliminating
the petroleum ether precipitation. The dried ether extract
from & run employing 1.2 moles of veratraldehyde was evaporated
in vacuo under nitrogen and the total residual oil recovered
with Girard's reagent to yield 33 gm. (0.104 mole) of desoxy-
veratroin melting from 103 to 104°C. No higher yield than 18%
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was ever obtained in this preparation.

Preparation of O-Benzyl Vanillin (28)

A solution of 45 gm., or 0.296 mole, of vanillin
was heated under reflux in 90 cec. of methanol for 6 hours with
39 gm. (0.308 mole) of benzyl chloride and 21 gm. of finely
divided potassium carbonate. The mixture was then cooled and
filtered. White crystals appeared in the filtrate on evapora-~
tion, and were recovered on a filter and dried in vacuo. Weight,
50 gm. (70%) and melting point 60-61°C. The accepted melting
point is 61-62°C,

Preparation of 3,3'-Dimethoxy-4,4'-
dibenzyloxydesoxybenzoin

The method of Kubiczek (44) for the preparation of
desoxyveratroin was employed in thls case also. A solution
of 35 gm., or 0.144 mole, of O-benzyl vanillin and 5.2 gm.,
or 0,088 mole, of potassium cyanide in 100 cc. of ethanol and
20 cc. of water was heated under reflux for 4.5 hours in an
atmosphere of hydrogen. At the end of this time the solution
was cooled and poured into 400 ce. of ice-cold water. The
gum that settled was separated by decantation and dissolved in
400 cc. of ether. This solution was washed with dilute sodium
carbonate, dilute sodium bisulfite, and finally with water
and dried over anhydrous sodium sulfate. After evaporation
of the ether the residual o0il was dissolved in 300 cc. of
methanol, 150 cc. of acetic acid, and 75 cc. of water and

heated under reflux while 39 gm.,, of zinc dust was added over a
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1.5-hour period. The white solid that separated on cooling

was recovered with the excess zinc dust, redlssolved in acetone
and the resulting colorless solution was filtered and poured in-
te a large amount of water. The long, fine, white needles that
separated were recovered and dried in vacuo to a welight of 9.5
gm, melting at 141-142°C, Subsequent recrystallization from
ethanol failed to raise the melting point, The preparation gave
8 28% yield of pure 3,3'-dimethoxy-4,4'-dibenzyloxydesoxybenzoin.
Cale. for CogHooOz(OMe)o: OMe; 13.2%. Found: OMe; 13.0, 13.0%.

Preparation of Desoxybenzoin
The method of Kubiczek (44) for the reduction of vera-

troin was applied to benzoin. A solution of benzoin (42 gm.,
0.20 mole) in 800 cc. of methanol, 400 co. of glacial acetic
acid and 200 cc. of water was heated under reflux on a steam
bath while zinc dﬁst (115 gm., 1.74 moles) was added in small
portions over a one-~hour period. The condenser was set downward
for distillation and after 700 cc., of distillate had been col-
lected the residue was chilled and poured into 2 litres of eold
water., The yellow solid that separated was recovered, dried
and digested with 150 cce. of bolling methanol which was allowed
to cool to 35°C. before the undissoived, residual benzoln was
removed. Evaporation of the methanol filtrate to about 100 cc.
and chilling to -3°C. gave 16 gm., or 41% of theory, of desoxy-
benzoin melting 54-56°C. The accepted m.p., 18 56°C,
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Preparation of Desoxyveratroin Oxime (38)

A, A solution of 12 gm., or 0,038 mole of desoxyvera-
troin and 3.0 gm., or 0,043 mole of hydroxylamine hydrochlor=-
ide in 30 cc. of pyridine was heated on a steam bath for &
hours and after cooling was poured into 100 cc. of water. The
yellow oil which separated crystallized slowly and the solid
was recovered, washed with dilute (25%) methanol and dried in
vacuo, The crude yield of 10.5 gm. was recrystallized from
130 ecc. of ethanol to give 8.4 gm. (67% of theory) of desoxy-
veratroin oxime melting at 126-127°C. The accepted melting

point is 128°C.

B. A mixture of 12,5 gm. or 0.0395 mole of desoxyvera-
troin, 15.6 gm., or 0.225 mole of hydroxylamine hydrochloride
and 18,8 gm. or 0.028 mole of sodium acetate was stirred in a
solution of 940 cc. of ethanol and 170 cc. of water for two
days. At the end of this time, the mixture was poured into 3 1li-
tres of stirred cold water. The white solid which separated
weighed 12.9 gm. and melted at 128.5-129°C, after filtration
and air drying. This amount represented a yield of 99% of
theory of pure desoxyveratroin oxime. (Cale. for Cj4Hg(O0CHz)g4
NOH: OCHz; 37.5% Found: OCHz; 37.3, 37.5%).

Preparation of 3,3'-Dimethoxy-4,4'~
dibenzyloxydesoxybenzoin oxime

Ao No reaction eould be effected when the insoluble

3,3'-dimethoxy~4,4'-dibenzyloxydesoxybenzoin was stirred with
hydroxylamine hydrochloride and sodium acetate in 80% ethanol.
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B. A solution of 0.33 gm., or 0.00070 mole, of the
desoxybenzoin and 0.06 gm., or 0,00086 mole, of hydroxylamine
hydrochloride in 10 ce. of pyridine was heated under reflux on
a gsteam bath for 5.5 hours. The clear yellow solution was
poured into 100 cc. of water and the white solid that separated
was recovered and dried in vacuo. Weight, 0.29 gm (85% of
theory) and melting point 136-137°C. Three recrystallizations
from ethsnol raised the melting point to 137-137.5°C. The
melting point was depressed to 124-133°C. on admixture with the

starting material,

Reduction of Desoxyveratroin Oxime

A solution of 12,9 gm., or 0.039 mole, of desoxyvera-
troin oxime in 75 ee. of ethanol and 25 cc¢. of glacial acetic
acid was hydrogenated in a 300 cc. Parr bomb with 3.0 gm. of
Raney nickel catalyst and hydrogen at 1300 p.s.i. The heating
was adjusted to raise the bomb temperature first to 80°. in
25 minutes, and then over an additional 50-minute period to
1060°C. The bomb was then allowed to cool. Filtration and
evaporation of the colorless solution left a clear oil which
was partitioned between 90 cc. of 0.3N hydrochloric acid and
several extractions with ether. The addition of sodium hy-
droxide to the aqueous solution precipitated a white solid which
was recovered by filtration and dried. The 3,4,3!',4'-tetra-
methoxydesylamine which was thus obtained weighed 8,5 gm.,
melted at 104.5-105.5°C. and represented a yield of 69% of
theory. (Cale. for CygHps0,N: N, 4.41%. Found: N, 4.26%)
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Allen and Buck (38) reported the melting point of this compound
as 106-107°cC.

Preparation of Chloroacetal

The procedure described below was adapted from the
work of Natterer (49) on the conversion of chloroacetaldehyde

to 1ts acetal,

A 40% aqueous solution of chloroacetaldehyde obtained
from the Dow Chemical Co. (530 gm., 2.67 moles) was saturated
with ammonium nitrate and ammonium sulfate and extracted with
ether. This extract was dried over anhydrous calcium sulfate
and the ether was distilled to leave a colorless oil which was
dissolved, together with 10 gm. of calecium chloride, in 1600
cecs of absolute ethanol and 600 cc. of absolute benzene, The
solution was heated on a steam bath and over the course of 2.5
hours 1600 cc., of distillate was collected while 1000 cc. of
ethanol and 300 cc. of benzene were added in increments., The
solution was then heated overnight under reflux, 300 cc. of
benzene was added and in the succeeding 1.5 hours a further
1300 ce. of distillate was collected. The pot residue after
cooling was dissolved in 1500 cc. of ether, the solution ex-
tracted several times with water and drled over potassium car-
bonate followed by magnesium sulfate at 10°C. Fractional dis-
tillation of the clear solution gave 120 gm. (30% of theory)
of chloroacetal boiling over the range 148-157°C. at 760 mm,
The accepted boiling point range of this compound is 154-156°C,
at 760 mm,
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Preparation of Aminoacetal (55)

A. Each of two 1.6 cm, Carius tubes contained 5.3 gm.,
0.035 mole, of chloroacetal, 5.7 gm., 0,05 mole, of ammonium
carbonate, 49 cc. of 28% ammonium hydroxide (0.72 mole), 0.43
gn., 0,0025 mole, of potassium iodide and 9 cc. of ethanol,
The tubes were sealed and heated in a shaker at 112 to 117°C.
for 31 hours, After cooling, the bomb contents were filtered
and extracted with ether to remove any unchanged chloroacetal,
The aqueous phase was then evaporated in vacuo at 40-50°C.
and the heavy olly residue was saturated with potassium car-
bonate and extracted with ether. The ether extract, after
being dried over s0lid potassium hydroxide and fractionally
distilled, gave 3.3 gm. (35%) of aminoacetal boiling over the
range 160-165°C, at 760 mm. pressure., Calc. for aminoacetal,
CoHsN(OEt)o: OEt, 67.6%; neutralization equivalent 133. Found:
QEt, 66.9, 66.6%; equivalent weight by titration against
0,030 N hydrochloric acid using a glass electrode, 136, The
picrate of this liquid melted from 142-143°C. Both the boil-
ing point of the liquid and the melting point of its picrate
were identical with the values quoted in the literature (55)

for aminoacetal.,

Be In similar preparations employing equivalent amounts
of bromoacetal, the yield of aminoacetal always ranged from
11-14% of theory. This yield was also not affected when the
run was carried out at 140°C. for 12 hours or at 120°C. for

27 hours.
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Condensation of Desoxyveratroin
and Aminoacetal

A. A solution of 2.18 gm., 0.0069 mole, of desoxyvera-
troin and 1.0 cec., 0.0069 mole, of aminoacetal in 50 ce¢. of
ethanol was allowed to stand for 7 days at room temperature.
A 100% recovery of the desoxyveratroin was obtained on eva=-

poration of the solvents.

B. A similar solution after being heated under reflux
for 30 hours,with a drying tube attached to the condenser, al-

so gave rise to & 100% recovery of desoxyveratroin.

Ce When the above trials were repeated with the addition
of either 2-3 drops or 5 cc. of glacial acetic acid similar

results were obtained.

D. A solution of 2.18 ga., 0.0069 mole, of desoxyveratroin,
1.0 ec., 0.0069 mole, of aminoacetal and one drop of S50% sodium
hydroxide in 10 cc. of pyridine was heated under reflux for 18
hours, cooled and precipitated into 50 cc. of water. After mild
acidification, the yellow solid that separated was digested with
30 cc. of methanol to leave 0.25 gm. (11%) of veratril. The
methanol filtrate from the veratril on evaporation yielded 1l.72

gn. (79%) of- desoxyveratroin.

E. A solution of 0.8 gm., 0.0026 mole, of desoxyveratroin
and 1 cc., 0.0070 mole, of aminoacetal in 6 ce. of dry pyridine
was added to 0.5 cc. of dry pyridine saturated with hydrogen
chloride. The solution was heated under reflux and in a hydrogen
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atmosphere for 9 hours and then precipitated into 400 ce. of wa=
ter to recover 0.57 gm. (71%) of solid desoxyveratroin, vExtrac-
tion of the aqueous solution with chloroform and evaporation of
the extract left a red oil which gave 0.03 gm. (4%) of veratril
on treatment with a little ethanol. Finally, the aqueous solu-
tion was acidified and extracted with chloroform. A 16% yleld
(0,15 gm, ) of veratric acid resulted from evaporation of the

extract,

All products in the above series of reactions were

identified by mixed melting point determinations with authentic

samples.,

F. A mixture of 2.18 gm., 0.0069 mole, of desoxyveratroin
and 1 cc. or 0,0069 mole of aminoacetal in a small distillation
assembly was heated for 6 hours on a steam bath. During this
perlod, full vacuum was applied to the system and the receiver
was placed in a dry ice trap. On cooling, the residual oil was
treated with a 1little water and a 100% recovery of crystalline

desoxyveratroin was effected.

Ge In a 125 cc. Claisen flask were placed 25 gm. of de-
soxyveratroin (0,079 mole) and 24 gm. of aminoacetal (0.18 mole).
The flask was fitted with a thermometer and a capillary tube
supplying nitrogen (both extending into the liquid), a side arm
for a condenser and & receiver attached through a 3-way stop-
cock to either nitrogen or vacuum. Heat was supplied by a con-

ventional GlasCol mantle., After flushing the system with nitro-
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gen, the heating and vacuum were adjusted continuously to give
slow but steady distillation with the pot liquld at 150-160°C.
The distillation extended over 2 hours after which 19.4 gm. of
aminoacetal was added to the residue and the procedure repeated.
The addition and distillatiocn of aminoacetal was carried out once
more and, after cooling, the residue was treated with ea little
acetone and filtered. A recovery of 22.6 gm. of pure crystalline

desoxyveratroin was obtained in this way.

The red gum obtained by evaporation of the acetone fil-
trate was treated with Girard's *T" reagent as outlined on page
52 and a further 0.47 gm. of desoxyveratroin was obtained, there-
‘ by bringing the total recovery up to 92% of the starting mater-
jal. The remaining product was 5.0 gm. (or 20% by weight) of an
uncrystallized red gum, Chromatography of this gum did not ef-
fect a satisfactory purification.

He A 125 cc. distillation assembly containing 20.0 gm.
of desoxyveratroin (0.063 mole) and 33. 7 gm. of aminoacetal
(0.253 mole) was swept out with nitrogen and the GlasCol heat-
ing mantle was adjusted continuously to give slow, uniform dis=-
tillation of the excess aminoacetal at 760 mm., pressure. The
liquid temperature, as read with a thermometer extending to
the bottom of the flask, rose steadily over the course of the
one-hour distillation from an initial value of 165°C. to 245°C.
as the last traces of the excess aminoacetal were carried over,
The weight of the distillate was 27,3 gm. while theory called
for 25.3 gm. of amihoacetal together with 1.1 gm. of water, or
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a total of 26.4 gnm.

The light yellow still residue was taken up in 100 cc.
of ethanol and hydrogenated with 2.0 gn., of Raney nickel in a
300 cc. Parr bomb at 1300 p.s.i. The temperature of the bomb
was raised to 80°C. in 20 minutes and then held between 80°C.
and 100°C. for an additional 80-minute period. After filtra-
tion and evaporation of the bomb contents, the resulting yeilow
oil was partitioned between 150 cc. of 1 N hydrochloric acid

and several extractions with ether.

Neutralization of the acidic aqueous solution with
caustic soda gave a mass of white crystals. These crystals
were recovered, washed and dried to give 16.5 gm. (or 61% based
on desoxyveratroin) of N-(3,4,3!',4'-tetramethoxydesyl )-amino-
acetal melting from 66 to 68°C, Repeated crystallization from
methanol gave fine, white, felted needles and raised the melting
point to 69.6-70.0°C. This compound was véry soluble in dilute
mineral acids, ether, ethyl acetate, chloroform and benzene and
only slightly less soluble In ethanol or methanol. Calc. for
02453505N: C, 66.47; H, 8,15; N, 3.24; OMe (OEt calculated as
OMe) 43.0% Found: C, 66.52, 66.48; H, 8.26, 8.28; N, 3.25,
3.29; OMe (OEt calculated as OMe) 42.6, 42.2%.

Extraction of the basiec aqueous filtrate from the
above product with chloroform and evaporation of this extract
left 1.4 gm. of an uncrystallizable red gum which was not ex=-

amined further.




62.

The ether extract from the original acidification
with hydrochloric acid was dried over sodium carbonate and
evaporated to give 5.9 gm. of a red oil. This oll was taken
up in 50 ce. of ethanol and 5 ce. of glaclal acetic acid and
was heated under reflux for 1.5 hours with 3.2 gm, (0.0188
mole) of Girard's "T" reagent. The resulting red solution
was worked up as previously described to give a 1.8 gm. (9%)
recovery of pure crystalline desoxyveratroin. At the same
time, 4.2 gn, of a Girard neutral red oil was obtained from
which 1.8 gm. of a crystalline solid melting from 96-108°C.
was separated. Repeated attempts to purlfy this solid by
ecrystallization techniques failed completely, Since no nitro-
gen could be detected in a standard enalysis, this substance
probably consisted of desoxyveratroin reduction products and

was not examined further,

I. Subsequent attempts to repeat this condensation with
seemingly identiocal reactants continually led to only 20-25%
yields of N-(3,4,3',4'-tetramethoxydesyl )-aminoacetal, The
eddition of several drops of glacial acetic acid to one reac-
tion mixture did not increase this low yield. When amino-
acetal was added over a 2-hour period under the surface of
fused desoxyveratroin, stirred and maintained at 245°C. under
nitrogen, none of this product could be isolated after hydro-

genatlion.
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Reaction of Haloacetals with
3,4,3' ,4'~-Tetramethoxydesylamine

A. A suspension of 3,4,3',4'-tetramethoxydesylamine
(2.0 gms, 0.0063 mole) in 5.0 gme. (0.0327 mole) of chloro=-
acetal and 25 ce. of dry xylene was digested under reflux
in a nitrogen atmosphere for 21 hours. After the mixture had
cooled, the fraction soluble in aqueous acid was separated
from the ether-xylene soluble portion. On making the aqueous
solution alkaline 0.69 gm., or 35%, of 3,4,3!',4'-tetramethoxy-
desylamine was recovereds Only a heavy black uncrystallized
gum was obtalned on evaporation of the ether-xylene solution.,

B. A solution of 2 gm., 0,0063 mole, of 3,4,3',4'-tetra=-
methoxydesylamine in 75 cc., of dry benzene was treated with
1.61 gm., 0.0082 mole, of bromoacetal (calc. for CgHyzOgBr:

Br, 40.6%. Found: Br, 40.4, 40.0%Z). The solution was al-
lowed to stand at room temperature for 15 hours, after which
time 0.38 gn. (19% by weight) of a white amorphous precipi- .
tate was separated by filtration. The benzene filtrate was
evaporated; the residue was dissolved in dilute hydroechloric
acid and this solution was washed with ether and then neutral-
ized with caustic soda to give a 60% recovery of crystalline

3,4,3 ,4'-tetramethoxydesylamine,

The seemingly amorphous solid was insoluble in all
common organic liquids except pyridine, and was also insoluble
in water and aqueous acid or alkali, The material was purified

by solution in a minimal amount of pyridine followed by preci=-
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pitation with ether. Three such fractionations followed by sev-
eral washes with boiling chloroform left the compound with a
constant decomposition point of 237,2°C. (heated at 5°C./min. ).
Found: C, 48.59, 49.07; H, 5.53, 5.66; N, 0.28; OMe, 27.3, 26.4;
Halogen 0.0%. No correlation of these data with any one molecu~
lar formula could be made.

Ring Closure of the Schiff Base

Derived from Desoxyveratroin
and Aminoacetal

A, Desoxyveratroin (2.32 gm., 0,0073 mole) and aminoacetal
(6.2 cce, 0.0434 mole) were condensed as described on pages 60
and 61l.

a) A one-third portion of the crude Schiff base was treated
with a solution of 1.5 gm. of phosphorus pentoxide in 6 cc. of
concentrated sulfuric acid.

b) Another third was treated with 8 cec. of 80% sulfuriec
acid and finally,

c) the last third was treated with 6 cc. of concentrated
sulfuric acid,

The erimson solutions were allowed to stand at room
temperature for 40 hours, after which each was mixed with 30 gnm,

of chopped 1ce to give a chestnut brown precipitate. The aqueous K

slurries were then made alkaline with caustic soda and the organ-
ic bases were extracted with benzene. Extraction of the benzene
solutions with 250 cec. of 0.10 N hydrochloric acid and addition
of excess caustic soda to the extracts gave a slightly brown

solid in each casge:
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a) 0.32 gm, melting 141-146°C.,
b) 0.52 gm. melting 137-144°C.,
¢) 0.39 gm. melting 140-145°C,

These three products, shown to be identical by mixed
melting point determinations, were combined and decolorized with
charcoal in 50 cc. of hot ethanol. On cooling the filtered
ethanol solution, 0.49 gm. of yellow needles melting at 164 to
165°C. were obtained, representing a yield of 19.8% (based on
CooHo104N). Three subsequent recrystallizations raised the
melting point to 164.5-165,5°C,. Célc. for CooHo104N: C, 70.75;
H, 6.25; N, 4.13; OMe, 36.6%; Mol. wt., 339. Found: C, 70.51,
70.78; H, 6.33, 6.25; N, 4.01, 4.02; OMe, 35.9, 36.1%; Mol. wt.
determined cryoscopically in benzene, 354, 336, Determinations
made in anisole by the Zerewiénoff method (57) showed the pres-

ence of 0,12 and 0,07 gm. of active hydrogen per mole.

The compound was insoluble in water and ether, very
soluble in chloroform, pyridine, glacial and aqueous acetioc aeid,
and sparingly soluble in acetone, methanol and ethanol., Treat=
ment of an acetone solution of this compound with a little con-
centrated hydrochloric acid precipitated the orange colored hy-
drochloride of the base, This hydrochloride was only sparingly
water-soluble, was rather unstable on recrystallization from hot
solvents and melted with decomposition at 212°C., Calec. for
Coggy OgNeHC1: Cl, 9.46%. Found: Cl, 9.36, 9.33%.

Be Desoxyveratroin (26 gm., 0.079 mole) and aminoacetal
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(30 gm., 0.225 mole) were condensed as described on pages 60
and 61 to give 29.8 gm. of the crude Schiff base. Hydrogena=-
tion of 14.8 gm. of this oil yielded 3.82 gm. of crystalline
N-(3,4,3',4!'-tetramethoxydesyl )-aminoacetal, or 22,5% based on

the desoxyveratroin,

The remaining 15.0 gm. of the crude Schiff base was
stirred with 160 cc. of 83% sulfuric acid for 20 hours, after
which time the mixture was worked up as described in Section A
to yield 2.89 gm. (or 21.5%) of the yellow crystalline base,
Cogia104N. The brown ethanol filtrate from the recrystalliza-
tion of this base was evaporated to dryness and the brewn resi-
dual powder was digested exhaustively with boiling (50-80°C.)
petroleum ether. Filtration and evaporation of the clear yellow
extract left 0.39 gm. of a yellow-white so0lid melting over the
renge 134-138°C, This solid was dissolﬁed in benzene which
had been dried over anhydrous calcium chloride and the solution
was run onto an alumina column. The yellow base, Cogligy O4N,
was washed through the column under these conditions and a fure-
ther 0.17 gm. of this base, melting at 163-185°C., was obtained
on evaporation of the benzene. The alumina column next was ex~
truded and all but the upper 0.5 cm., which was a deep brown
color, was extracted with 5% pyridine in methanol., This ex-
tract, on filtration and evaporation, yielded 0.15 gm. (or 1.1%)
of papaverine meiting over the range 146.,5-147.5° . Calc. for
CigHo(OMe )gN: OMe, 36.6%. Found: OMe, 36.3, 36.0%. The base
was converted to its hydrochloride, which melted at 221-222°C,
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calc. for CggHoqO4N-HCl: Cl, 9.46%. Found: (€1, 9.38, 9.25%,

The melting points of the base and its hydrochloride were iden-
tical with those of authentiec papaverine and its hydrochloride

respectively, and no depression in the melting point was ob-

served on admixture of the appropriate compounds.

Ce A similar reaction, in which the crude Schiff base
was treated with 83% sulfuric acid and four aliquots were isola=-
ted by pouring onto ice after 15, 20, 27 and 40 hours respective-
ly, gave rise in each case to 18 to 20% ylelds of the yellow

base, Cggtpy O4N.

D. The attempts outlined below were made to obtain posi-

tive chemical evidence for the structure of the yellow base,

CooHg) O4Ne

A 95% recovery of the base was effected after it had
been heated under reflux In benzene with excess methyl iodide for
3 hours; a 98% recovery from acetic anhydride in pyridine at
room temperature for 3 days; a 100% recovery from benzoyl
chloride shaken with excess aqueous alkall; and complete des-
truction of the compound in acetic anhydride, cataiyzed with
ferric chloride, for 5 hours at 100°C. All these negative ex=-

periments pointed to the absence of the N-H group.

The base was completely destroyed when treated with
zine dust and hydrochloric acid at 30 to 40°C. for 25 minutes.
However, reduction with Raney nickel and hydrogen in ethanol at

1600 psi and 130-140°C. for 1 hour proceeded quantitatively. A
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95% yield by weight of a clear, colorless, acid soluble oil
was obtalned which did not exhibit the characteristic orange-
yellow color of the original base when treated with hydrochlor-
1c acid. ©None of the usual amine salts of this product could
be obtained in a crystalline form, but when a portion of the
01l was shaken with excess benzenesulfonyl chloride and aqueous
alkall a colorless, insoluble gum was obtained which did not
redissolve in dilute hydrochloric acid. This gum was not fur-

ther investigated.

Oxidation of the base with neutral or slightly basic
potassium permanganate in aqueous acetone gave only a relative-
ly low yield of veratric acid.

Attempted Ring Closure of the Schiff

Base Derived from Desoxybenzoin
and Aminocacetal

A solution of 4.5 gm. (0.023 mole) of desoxybenzoin
in 14.5 gm. (0.11 mole) of aminoacetal was placed under nitro-
gen in a 25 cc. distillation assembly. A GlasCol mantle sup=-
plied heat for a slow distillation of the excess aminoacetal and
the water formmed during the condensation. After 2.5 hours a
distillate of 11.6 gm. was collected whereas theory would demand
11.5 gm. of aminoacetal plus 0.4 gm. of water., The red oily
residue, 6,0 gm., in the Claisen flask was taken up in ether,
washed with a llttle aqueous sodium bicarbonate and dried over

anhydrous sodium carbonate.

After evaporation of the ether, the red oil was frozen
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in solid carbon dioxide - acetone and was treated with 35 cc.

of cold, concentrated sulfuric acid. The resulting deep brown
solution was allowed to stand at room temperature for 30 hours,
after which time 1t was poured onto 300 gm. of chopped ice. The
brown amorphous solid that separated was stirred with dilute
alkalil until the washings gave a negative test for sulfate ion.
After being dried, the product was insoluble in ethanol, chloro-
form, acetone and dilute mineral aeids but dissolved in glacial
acetic acid. Attempted fractionation and crystallization com=
pletely falled to alter the brown amorphous nature of this ma-
terial,

Ring Closure of the Hydrogenated Schiff

Base Derived from Desoxyveratroin
and Aminoacetal (See Tables II to IV)

A. Six 0.20 gm. (0.00046 mole) portions of the pure hy-
drogenated Schiff base, N-(3,4,3!,4'-tetramethoxydesyl )~amino=-
acetal (XLVI) previously prepared were dissolved in chilled
solutions of 83, 75, 65, 50, 35 and 20% sulfuric acid by weight.

After 17 hours at room temperature the solutions ran-
ged from a deep brown in the more concentrated acids to color-
less in the 20% acid. At this time all were poured into ice
water and the resulting solutions were extracted with benzene.
In all cases evaporation of the benzene left 20-30 mg. of a
yellow gum that was obviously insoluble in aqueous alkall or
acide This gum was not examined further. When the original
sulfuric acid solutions were made alkaline, no precipltates ap-

peared except one of 10 mg. m.p. 149-151°C,, from the condensa=-
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tion with 75% sulfuric acid, and another, 30 mg. from the experi-
ment with 20% acid. The first precipitate proved to be 6,4%
of the crystalline compound ConHoz 04N discussed below, while

the second represented 154 of unchanged starting material.

Be A solution of 0.10 gm. or 0.00023 mole of the hydro-
genated Schiff base (XLVI) in 5.00 cc. of concentrated hydro-
chloric acid was allowed to stand at room temperature. After
various periods of time a 1 cc. aliquot was removed, poured
onto ice, made alkaline with caustic soda and filtered. The
gumny precipitates that were collected all exhibited a negative
dinitrophenylhydrazine test for the free carbonyl function,

They were not examined further.

The five filtrates were then added separately to a
distillation assembly and any free ethanol was distilled and
collected in a recelver cooled at -60°C. The distillates
(each about 7 cc.) were then treated with 2.5 gm. of phenol
and 10 cc. of constant boiling hydriodie acid in the usunal
methoxyl distillation assembly and the fres ethanol was esti-
mated, When the procedure had been standardized with very
dilute aqueous solutions of knownethanol content, it was found
that hydrolysis of the hydrogenated Schiff base for 0.5 3, 6, 24
and 51 hours gave rise respectively to 14, 71, 98, 100 and 99%
of the theoretical amount of ethanol.

Ce A solution of 0.200 gm. of N-(3,4,3',4'-tetramethoxy-
desyl )-aminoacetal (XLVI) in 10 cc. of 2 N hydrochloric acid was
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heated under reflux for 7 hours, when the liberation of ethanol
was found to be 92% complete. In this case, the gummy yellow
solid that was 1solated exhibited a very strong positive dini-
trophenylhydrazine test for the free carbonyl function. The
yield amounted to 0.138 gm. or 84%. This material was treated
with 2 cc. of 83% sulfuric acid at room temperature for 4 hours,
The brown solution was then poured onto ice, washed with ben~
zene, filtered, and made alkaline to.precipitate a white solid.
This solid, after being dried, melted at 148-151°C., and the
0.050 gm. yield represented 38% based on the free aldehyde. The

solid was the crystalline compound CoHoz04N discussed below.

D. One gram (0.0044 mole) of arsenic pentoxide was stirred
for 0.5 hour in 17 cc. of hot 83% sulfuric acid. After chilling
the mixture, 1.0 gm. of the hydrogenated Schiff base (0,00231
mole) was added and the solution was allowed to stand at room
temperature for 4.5 hours with occasional shaking., The solu=-
tion was then worked up as before to yield 0.19 gm. (or 25%
of theory) of a white solid soluble in hydrochloric acid and
melting at 149-152°C.

E. A mixture of 1.5 gm. (0.,00346 mole) of the hydrogen=-
ated Schiff base, 2 gm. (0.0087 mole) of arsenic pentoxide and
17 cc. of 83% sulfuric acid was stirred for 6 hours at room
temperature. This time, 0.56 gm. (or 48% of theory) of a white
solid melting at 152-153°C. was obtained on working up the mix-

ture as described before.
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Fe Six solutions of 1.0 gm. (0,00231 mole) of the hy-
drogenated Schiff base in 11 cc. of 83% sulfuric acid were al-
lowed té stand at room temperature for 5, 6, 7, 8, 10 and 13
hours. After working up as already described, the acid-soluble
white solids melting at 150-154°C, amounted to 34, 42, 56, 54,

18, and 2% of theory, based on CgoHozO04N, respectively,

With 0.40 gm. (0.,00092 mole) of the hydrogenated
Schiff base in 6 cc. of 75% sulfuric acid for 4, 6, 8, and 11
hours the ylelds of this solid, CgoHozO4N, were 1.6, 6.8, 30,

and 12% respectively.

When the basic white solid, obtained as a product in
these reactions, was treated with 83% sulfuric acid at room
temperature, the solid recovered by the usual procedure after

2 and 18 hours amounted to 48 and 14% respectively.

G. The white, basic solids melting over the range 149=-
154°C. obtained in experiments A, C, D, E, and F were all found
to be identical and several recrystallizations by solution in
acid and precipitation from alkali raised the melting point to
155,5-156°C. Calce. for CgoHoz04¥; C, 70.34; H, 6.80; N, 4.10;
OMe, 36.4%. Found: C, 70.28, 70.25; H, 6.88, 6.8l; N, 4.05,
4,11, 4.02; OMe, 35.7, 35.5%.

Treatment of this solid, CgoH2304N, with acetic anhydride,

in pyridine for 3 days at room temperature gave a 94% yield of
the acetyl derivative melting at 203,5-203.8°C. (Cale. for
Coollos0sN: N, 3.66%; OMe, 32,4%. Found: N, 3.56, 3.60%;
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OMe, 32,1, 32.3%.

Attempts to dehydrogenate the original compound,
CooHo304N, with selenium at 250°C., under nitrogen, with palla-
dium on charcoal at 190°C. and with palladium black in boiling
decalin led only to its complete destruction.

Attempted Conversion of the Hydrogenated

Schiff Base to the Corresponding Free
Aldehyde via Its Thioacetal

To a stirred suspension of 15 cce. of ethyl mercaptan
(0«20 mole) in 100 cc. of concentrated hydrochloric acid at
room temperature was added 3.65 gm. or 0.,0084 mole of the crys-
talline hydrogenated Schiff base. After 24 hours the mixture
was drowned into 100 cc. of water and the solution was washed
with benzene. The white gum that was precipitated when the
solution was made alkaline with caustic soda was extracted
with benzene. After drying over anhydrous sodium sulfate,
the benzene extract, on evaporation, ylelded 1,98 gm. of a
colorless o0il, This oll was dissolved in acetone and treated
with a few drops of concentrated hydrochloric acid., The heavy
gum, left on evaporation of the solution, slowly crystallized
while it was heated in a water bath at 60°C. in vacuo for 2
hours. The white solid was transferred to a filter and washed
with dry acetone followed by dry ether. Weight, 1.59 gm., and
melting point 184-187°C., (heated at 12°C,/min.). This produet
was recrystallized by solution in a little methanol followed
by precipitation into dry ether., Weight, 1.38 gm. and melting
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point 184-185°C. (heated at 6°C./min.). Found: C, 60,03;

H, 5.87; N, 3.08, 2.99; S, 6.90, 7.08; OMe, 28,0, 27.9%. No
correlation of these data with a reasonable molecular struc-
ture could be made. When the purified hydrochloride was treated
with alkeli to liberate the free base only an oil, which ap=

peared to decompose, could be obtained.

A solution of 1l.29 gm. of the crystalline hydrochlor-
ide in water, was preclipitated with alkali and extracted with
benzene., The colorless oll left after evaporation of the dried
extract was dissolved in 70 cc. of acetone to which had been
added 3.75 gm. of mercurie chloride, 4.8 gm. of cadmium carbonate,
and 1.0 cec. of water. The mixture was stirred at room tempera-
ture for 24 hours after which time it was filtered. The resi-
due left after evaporation of the filtrate was dissolved in a
large volume of chloroform and washed with dilute aqueous potassi-
um lodide followed by water. Evaporation of the dried chloro-
form solution left 1.17 gm. of a brilliant yellow solid melting
with decomposltion at 85°C., Repeated purification of this
solid by solution in acetone and precipitation with ether raised
the melting point to 109°C. Found: N, 1.88, 1.90; OMe, 16.9,

17.2; Hg, 13.8%. No reasonable structure can be correlated with

these data,

A solution of 0,800 gm, of this mercury complex in
aqueous acetone containing a few drops of acetic acid was
treated with hydrogen sulfide until no further precipitation

of black mercuric sulfide occurred. This precipitate was fil-
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tered, dried and weighed to yleld the analytical figure for
mercury quoted above, The flltrate was made alkaline after
dilution with water and extracted with benzene., Evaporation
of the dried extract left 0.468 gm. of & colorless oll which

was negative to tests for halogen and carbonyl groups.

This oil was treated with 5 cc. of 83% sulfuric
acid at room temperature. Five 1dentical aliquots were re-
moved at various times and the yleld of C20H2304N was deter-
mined as outlined before. After 1.5, 3, 5, 7 and 15 hours,
the yields of CocoHoz04N were 22, 30, 34, 19, and 2% respectiv-
ely. The authenticity of these products was ascertained by

melting point determinations made on admixture with samples

of CooHogz 04N
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SUMMARY AND CLAIMS TO ORIGINAL RESEARCH

Veratroin, prepared by the condensation of veratric
aldehyde in presence of potassium cyanide, was reduced to des-
oxyveratroin by zinc dust in acetlic acid, It was necessary to
purify the compound from veratril by condensation with Girard's
"r# reagent for i1solated carbonyl groups and, after recovery,
the over-all yield was only 184, In a similar way the benzoin
prepared from o-benzyl vanillin was reduced to give a 28% yield
of the new compound 3,3'-dimeﬁhoxy-4,4'-dibenzyloxydesoxyben-
zoin (m.p. 141-142°C, and oxime m.p. 137-137.5°C.). The prepa-
ration of desoxyveratroln oxime was improved to the point where
a quantitative yileld was obtalned under very mild conditions,
High pressure hydrogenation at 80° to 100°C. and over a Raney
nickel catalyst reduced this oxime in 70% yield to the known
3,4,3' ,4'-tetramethoxydesylamine,

The preparation of chloroacetal from chloroacetal=-
dehyde, with ethanol in presence of a calcium chloride cétalyst,
was improved by the continual removal of the water of condensa=-
tion by azeotropliec distillation with benzene, The conversion of
chloroacetal to aminoacetal by heating under pressure with
aqueous ammonia - ammonium carbonate gave yields of 30 to 35%
comparable with those reported in the literature. Bromoacetal,
under the same conditions only gave an 11-14% yield. It was
found that increasing the temperature to 140°C. or the reaction
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time at 115-120°C. did not markedly increase this low yield.

Desoxyveratroin and aminoacetal could not be con-
densed together under any of the conditions tried, unless the
temperature was at least 165°C. At a temperature of approxi-
mately 200° and in a nitrogen atmosphere, variable yields of
30-85% of the Schiff base were obtained. The Schiff base was
completely destroyed when heated at 245°C., for prolonged per-
iods. This compound was hydrogenated in ethanol over Raney
nickel at 1300 p.s.i. and 80-100°C. to give 20-61% of crys=-
talline N-(3,4,3',4'-tetramethoxydesyl )-aminoacetal, m.p. 70°C.

Other investigators have failed to prepare this compound,

Treatment of the Schiff base of desoxyveratroin and
aminoacetal with concentrated sulfuric acid, 83% sulfuric acid,
or concentrated sulfuriec acid = phosphorus pentoxide mixtures,
produced an 18 to 22% yield of & new compound supposed to be
2,3,-di-(3,4~dimethoxyphenyl )=5=pyrrolenine, melting at 165°C,,
as well as a 1.1% yileld of papaverine. The former compound
would arise by ring closure of the aldehyde group of the acétal
unit to the active methylene group, while papaverine would re-
sult from closure to the Veratryl nucleus. Attempts to form
the corresponding Schiff base of desoxybenzoln and aminoacetal,
and to bring about a subsequent ring closure, gave only an

amorphous substance.

Ring closure of the crystalline hydrogenated Schiff

base of desoxyveratroin and aminoacetal in sulfuric acid of
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varying concentrations produced up to 56% of a new compound -
melting at 156°C. and analyzing for dihydropapaverine., By
analogy with the above pyrrole formulation, thié compound was
believed to be 2,3,-di(3,4,~dimethoxyphenyl )- A3-pyrroline.

A somewhat extensive study of the reaction conditions suggested
that 20 to 65% sulfuric acid hydrolyzed the acetal but failed
to bring about ring closure of the resulting aldehyde., Sul=
furic acid of 83% concentration gave the best results, although

the product was not entirely stable in this reagent.

The reaction of bromoacetal with 3,4,3',4'-tetra-
methoxydesylamine in benzene at room temperature gave rise to
a 20% yield of a compound decomposing at 237°C. No structure

could be proposed for this compound.




1.
2.
de
4.

Se
6.

7e
Be
e

10.

1l,.
12,
13,
14,
15,

18,
17.

18,
19,

79

REFERENCES

Merck, G.; Ann, 66, 125 (1848).
Merck, G.; Ann. 73, 50 (1850).
Plugge, P.C.; Arch. Pharm, 225, 343 (1887).

Goldschmiedt, G.; Monatsh., 6, 372, 667, 954 (1885); ibid.,
7, 485 (1886). =

Goldschmiedt, G.; Monatsh. 9, 778 (1888),

Pictet, A, and Gams, A.; Ber. 42, 2943 (1909); Compt. rend,

149, 210 (1909).
Pictet, A. and Finklesteiln, M.; Ber. 42, 1979 (1909).
Splth, E. and Berger, F.; Ber. 60, 704 (1927).

Buck, J.S.’ Haworth, R.D. and Perkin, w.H, JI‘.; Je Chem,
Soc. 125, 2176 (1924).

Rosenmund, K.W., Notnagel, M. and Reisenfeldt, H.; Ber,
80B, 392 (1927).

Mannich, C. and Walther, O.; Arch. Pharm. 265, 1 (1927).
Buek, JeS.; J. Am, Chem. Soc. 52, 3610 (1930).

Young, P.C. and Robinson, R.; J. Chem, Soc. (1933), 275,
Spgth, E., and Berger, F.; Ber., 63B, 2098 (1930),

Hahn, G. and Schales, O.; Ber. 88, 24, 1310 (1935); 69,
622 (1936).

B.I.0.8. Final Report No. 766, 119-127,

Kindler, K., et al,; Arch. Pharm. 272, 60, 236 (1934);
274 377 (1936).

Slotta, K.H. and Haberland, G.; Angew, Chem. 46, 766 (1933).

Sugasawa, S.; J. Pharm. Soc. Japan §5, 58 (1935). (Chem.
Abs, 29, 5116 (1935) ).

Sugasawa, S. and Sakurai, K,; J. Pham. Soc. Japan 56,
563 (1936). (Chem. Abs. 33, 9307 (1939) )e




21,

22,

23,

24,
25.

26,

27,
28.
29,
30.
3l
32,
33

34,
35,

36
3T

38,

39,

41,

42,

80,

Shepard, E.R. and Noth, JQF.; Je. Am., Chem. Soc. 2_2;.’ 4364
(1950),

Tsatsas, G.; Compt. rend. 229, 218 (1949).
Kubiczek, G. and Spath, E.; Monatsh., 79, 72 (1948).
NOller, C.R. and AZima, Mo; Je Am, Chem. Soc. 3_2_, 17 (1950)0

Redel, J. and Bouteville, A.; Bull., Soc¢. Chim, Fr. (1949),
443,

Keimatsu, I.; J. Pharm. Soc. Japan 53, 223 (1933). (Chem.
Abs. 29, 7989 (1935) ).

Rosenmund, K.W.; Chem. Abs.; 21, 1461 (1927).

Robinson, R. and Sugasawa, S.; J. Chem, Soc. (1933) 280,
Clemo, G.R. and Turnbull, J.H.; ibid (1946) 70Ll.
Kefford, J.F.; 1ibid. (1940) 1209.

Pomeranz, C.; Monatsh. 14, 116 (1893); 15, 299 (1894).
Fritsch, P.§ Ann. 329, 37 (1903).

Woodward, R.B. and Doering, W.E.; J. Am. Chem. Soc. 67,
868 (1945).

ManSKQ’. R.H.F. and Kullm-, Mo; Can., J. Res, 31’ 161 (1949).

 Perkin, W.H. Jr., and Robinson, R.; J. Chem. Soc. 105,

2376 (1914).
Staub, P.; Helv., Chim. Acta 5, 888 (1922),

Rugheimer, L. and SchOn, P.; Ber. 41, 17 (1908); 42
2374 (1909).

Allen, I. snd Buck, J.S.; J. Am. Chem. Soc. 52, 310 (1930).
Japp, F.R. and Klingeman, F.; J. Chem. Soc. 63, 770 (1893).
Kohler, E.P,; Am, Chem. J. 36, 182 (1906).

Irvine, J.C. and Weir, J.; J. Chem, Soc. 91, 1388 (1907).
Roger, R. and McGregor, A.; ibid, (1934) 442.

Ballard, D.A. and Dehn, W.M.; J. Am. Chem. Soc. 54, 3969
(1932).




44.

45,

46,

47,

48,

49,

50,

51,
52,

53,

54,

55.
56,
57,

gl.

Kubiczek, G.; Monatsh. 76, 55 (1945).
Jenkins, 8.S.; J. Am, Chem. Soc. 55, 703 (1933),

Allen, C.F.H. and Barker, W.E.; Organic Syntheses 12,
16 (1932),

Girar?, A.)&nd Sandulesco, G.; Helv, Chim. Acte 19, 1095
1936).

Allen, C.F.Hs; Private Communication from the Eastman
Kodak Co. laboratories.

Natterer, K.; Monatsh. 5, 497 (1884).
Marckwald, W.; Ber. 25, 2354 (1892).
Wolff, L.; Ber. 26, 1830 (1893),

Buck, J.S. and Wrenn, S.N.; J. Am. Chem. Soc. 51, 3612
(1929).

Allen, C.F.H. and Clark, J.H.; Organic Syntheses 24, 3
(1944).

Richmond, H.H. and Wright, G.F.; Can. J. Res, B23, 158
(1945).

Py:man, FoLes Je Chem, Soc..gé, 1610 (1909)0
Buck, J.S.; J. Am. Chem. Soc. 52, 3613 (1930).

Niederl, J.B., and Niederl, V,; "Organic Quantitative Micro=-
analysis® John Wiley and Sons, 1942, pp. 263-271.







